Drosophila hemocytes (blood cells) have emerged as a powerful system to image wound-induced inflammatory responses in vivo. New work reveals that layering mathematical modeling on top of imaging may be the most powerful tool yet for determining the properties of wound-induced signals.
One of the most enduring mysteries in the tissue repair field is the identity of the wound-induced signal(s) that attract inflammatory cells [1] . Substantial debate has accompanied the search for such signals and many factors have been proposed and tested in a variety of experimental systems. A study from Paul Martin's lab, in collaboration with the mathematical modeling group of Michael Stumpf [2] , published in this issue of Current Biology, sheds new light on how to approach the long-standing problem of identifying and defining wound-derived signals. Rather than go after the signal per se, they cleverly use a new tissue and imaging preparation that affords a precise view of the process. They then marry this precise view to a sophisticated mathematical analysis of the resulting movies -all in an effort to define the essential properties of the woundinduced inflammatory signal. [3] . This basic study showed that H 2 O 2 is produced nearly instantaneously by cells at the wound edge and is required for a robust inflammatory response. Follow-up studies suggested H 2 O 2 and other reactive oxygen species are required for the recruitment of diverse cell types in multiple organisms [4] [5] [6] [7] . However, the latest studies on H 2 O 2 have suggested that its role in promoting inflammation may be mostly permissive rather than instructive [8, 9] . Researchers again start wringing their hands -what then is the most proximal signal?
Combining the Easily-visualized Fly Immune Response with Math
Often it is useful to step back a bit from a seemingly intractable problem. The vertebrate immune system is a complicated milieu of many cell types and diverse molecular mediators. It is also technically challenging to see vertebrate inflammation in action, with some notable exceptions [10] . By contrast, some of the more popular genetic models, the fly and the zebrafish, possess macrophagelike blood cells and are wonderful for imaging, given their translucent bodies and the ability to genetically label cells of interest with fluorescent transgenes [11, 12] . Robust recruitment of macrophage-like blood cells to injury sites, a tissue-damage-induced inflammation process, has been observed in fly embryos [13] , larvae [14] , and pupal wings [15] . One of the major advances of the Martin/Strumpf study [2] was to shift the induced injury and its visualization to the pupal wing -a thin two-dimensional structure whose surrounding cells are thus particularly easy to see and track over time. This preparation allows for wounds to be made substantially larger than in the fly embryo. The resulting inflammatory response involves more cells than in the embryo and occurs in an in vivo version of a tissue culture dish.
The second major advance, given the clarity of the resulting movies, was to do some math, one of the best 'microscopes' available to modern biology [16] . Using inference-based computational approaches, the authors devised a tracking algorithm that allows labeled cells to be followed by virtue of their nuclear positions. Evidence was provided that showed that this simpler tracking method is essentially equivalent to following actin-based protrusions. They then tracked the positions over time of both nearby and more distant blood cells following laser-induced wounds in the wing epithelium [2] . Many in the field have long wondered whether the basic signaling properties that ensue following wounding could be inferred from a careful tracking analysis of the cell behaviors surrounding the wound. The computational approaches in this study, and supporting experimental evidence based on the modeling, seem to suggest that the short answer to this is yes.
Properties of the Wound-induced
Immune Signal A number of interesting features leapt out from the combination of in vivo imaging and Bayesian inference analysis [17] of wound-induced cell trajectories. The first, derived from a comparison of small and large wounds, was that it is likely to be the wound-margin cells themselves that produce the 'come hither' signal for immune cells [2] . This conclusion is derived from the observation that the single temporal response to the wound scales with wound circumference. The second and more surprising feature was that the spatiotemporal diffusion properties of the inferred wound signal do not match those expected of previously proposed signals, such as ATP and H 2 O 2 [2] . Supporting evidence is provided that shows that the Drosophila ATP receptor (AdoR) [18] is not required for immune cell recruitment to wounds. An interesting follow-up to this analysis would be to attempt to computationally predict what type of molecule (perhaps a peptide, small protein, large protein, or lipid?) would fit the inferred spatiotemporal gradient.
A third interesting feature emerged from analysis of pupal wings that were challenged with the presence of multiple wounds, both in space and in time. These experiments, which were motivated in large part by the initial analysis, revealed the expected observation that wounds compete with each other for the attention of immune cells. Further, these models were able to predict essential spatiotemporal features of this competition, validating the inferences derived from the math [2] . However, these experiments also revealed that there is a period of cellular desensitization that follows exposure to an initial wound. Presumably, this desensitization occurs at the level of the signal receptor and it would be potentially illuminating to use what is known about desensitization of G-protein-coupled receptors [19] , receptor tyrosine kinases, and other receptor types to push the limits of the math here -what type(s) of receptors, if any, fit the observed desensitization kinetics?
So, Where Are We Now? If the spatiotemporal kinetics of the wound-derived signal(s) do not match those of the major suspects then it would appear that we have taken one step back -like a blood cell that temporarily strays from its directed path towards the wound. Only time and further experimentation will tell whether the properties of the actual wound-derived signal(s) line up well with those inferred from the mathematical analysis by the Martin and Strumpf groups. However, as alluded to above, perhaps the combination of imaging and math will itself enable further steps forward. If the diffusion properties of ATP and H 2 O 2 do not match, what does? Can one image (or infer) in this system the diffusion of hypothetical globular proteins of various sizes and shapes? In other words, is it possible using this analysis to determine what type of signal the field is searching for? Although the pupal wing preparation has some peculiar properties (twodimensionality) that facilitated the analysis, the history of Drosophila research in innate immunity and the strong conservation of genes/functions between flies and vertebrates [20] suggest that the future is bright for finally honing in on the elusive signal(s) that control the wound-induced immune response.
